Mammalian lefty and zebra®sh antivin, highly related to lefty, are shown to be expressed asymmetrically and involved in the speci®cation of the left body side of early embryos. We isolated a chick homologue of the antivin/lefty1 cDNA and studied its expression pattern during early chick development. We found that antivin/lefty1 is expressed asymmetrically on the left side of the prospective¯oorplate, notochord and lateral plate mesoderm of the chick embryo. q
Results
A member of the TGFb superfamily, lefty-1 (Meno et al., 1996) was shown to specify the left-handedness of internal organs through the function of downstream genes such as lefty-2 (Meno et al., 1997) , nodal (Levin et al., 1995) and a homeobox gene of Pitx2 (Semina et al., 1996; Logan et al., 1998; Ryan et al., 1998) in the mouse . We previously predicted the existence of the chick Lefty, because mouse Lefty can function in chick embryos (Yoshioka et al., 1998) ; however, no homologues of the lefty gene have been isolated in the chick, although human and zebra®sh homologues, Lefty-A/Ebaf, Lefty-B, and antivin (Kothapalli et al., 1997; Bisgrove et al., 1999; Thisse and Thisse, 1999) have been isolated.
Recently, we succeeded in isolating a chick homologue of the antivin/lefty1 cDNA by RT-PCR with degenerate oligonucleotide primers designed with the amino acid sequences of zebra®sh and Xenopus Antivin/Lefty1s. Sequence analysis reveals that the chick Antivin/Lefty1 shares 60.7% amino-acid identity with zebra®sh Antivin/Lefty1, 54.5% with zebra®sh Lefty2, and 37.7% with mouse Lefty-1, indicating that the chick Antivin/Lefty1 is closely related to the zebra®sh Antivin/Lefty1 (Fig. 1A) . One hallmark of the lefty subfamily is the absence of one of seven cysteines in the carboxy-terminal domain conserved in other TGFbs. Chick Antivin/Lefty1 also lacks this cysteine (Fig. 1B) . Mouse Lefty-1 is 78.3% identical to human Lefty-A/Ebaf in the carboxy-terminal domain. In contrast, the chick Antivin/ Lefty-1 shows only 59.6 % of amino-acid identity with the domain of zebra®sh Antivin/Lefty1, 36.1% with mouse Lefty-1, and 30.6 % with chick TGFb1. These results indicate that members of the Antivin and Lefty subfamily exhibit lower sequence similarity. Since the spatial conformations of zebra®sh Antivin and mouse Lefty-1 are similar enough to allow Lefty-1 to substitute functionally for Antivin in ®sh (Thisse and Thisse, 1999) , the chick antivin/lefty1 is also considered to be virtually a homologue of murine lefty gene.
It is known that TGFb-related members are initially synthesized as pro-proteins and subsequently cleaved at an RXXR site (Barr, 1991) . Accordingly, the putative aminoterminal cleavage site in the chick Antivin/Lefty1 is an RGKR motif located at amino-acid position 68±71, and the carboxy-terminal cleavage site is an RNKR motif located at amino-acid position 189±192 (Fig. 1B) . As a consequence, the mature peptide of the chick Antivin/Lefty1 (170 AA) is E-mail address: noji@bio.tokushima-u.ac.jp (S. Noji) shorter than that of zebra®sh Antivin/Lefty1 (285 AA) (Bisgrove et al., 1999; Thisse and Thisse, 1999) . We examined the early expression pattern of chick antivin/lefty1 gene by whole-mount in situ hybridization. At stage 1-2 (Hamburger and Hamilton, 1951) , chick antivin/ lefty1 transcripts are not detected ( Fig. 2A) and the transcripts become detectable around stage 3 as two symmetric rows in the emerging primitive streak (Fig. 2B) . The transverse section shows that the transcripts are present in the ectoderm and mesoderm (Fig. 2E) . At stage 4, when the Hensen's node forms at the anterior end of the streak, chick antivin/lefty1 transcripts are detected in the anterior half of the streak (Fig. 2C) , and its expression is found in the primitive streak mesoderm and the midline region of the primitive fold (Fig. 2F) . The expression in the primitive fold seemed to become asymmetric; it was observed predominantly in the left half of the future¯oorplate (Fig. 2F) . At stage 5, when the notochord extends anteriorly from the node, antivin/lefty1 expression in the streak is decreased and becomes distinct in the node and notochord (Fig. 2D) . In the prospective¯oorplate, its expression is found exclusively in the left half (Fig. 2G) . At the 2-somite stage (stage 7), the expression of antivin/lefty1 is detected in the ventral midline of the embryo (Fig. 3A) . Transverse sections reveal that in the more rostral region antivin/ lefty1 is expressed asymmetrically on the left side of the prospective notochord, while in the more caudal region its expression is restricted on the left side of the notochord and paraxial mesoderm (Fig. 3B,C) . Its expression domain extends along the anteroposterior axis at the 5-somite stage (stage 8; Fig. 3D ). It is noticeable that the asymmetric expression in the prospective¯oorplate, notochord and paraxial mesoderm is very transient and that the symmetric expression is found in the prospective notochord at stage 8 and later (Fig. 3E,F) . At this stage, in addition to the expression in the notochord, chick antivin/ lefty1 is expressed in the posterior part of the left lateral plate mesoderm (LP) (Fig. 3D,G) . Mouse lefty mRNA appears asymmetrically at the 3±4-somite stage, and disappears at the 6 to 8-somite stage (Meno et al., 1996) . In chick embryos, however, the asymmetric expression of antivin/lefty1 is detected in the LP until slightly later stages, at least at the 10-somite stage (stage 10; data not shown). The anterior/posterior limit of the symmetric expression of antivin/lefty1 in the notochord is moved to the posterior without any expression in the other tissues. At stage 15, the expression is detected only in the posterior end of the notochord, and then remained in the tip of the tail bud mesoderm at stage 23 (data not shown).
Methods

Isolation of chick antivin/lefty1 cDNA
A 507 bp cDNA fragment encoding chick Antivin/Lefty1 was isolated from stage 7±8 chick left-side embryonic RNA by RT-PCR. Degenerate PCR primers were designed to target the amino acids, FDVTEAV (5 H primer) and PNMRVQ (3 H primer), which are highly conserved in the mouse and human Lefty. The coding region of the chick antivin/lefty1 cDNA was obtained by means of 5 H and 3 Hrapid ampli®cation of cDNA ends (Marathone cDNA Ampli®cation Kit, Clontech).
Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed as described previously (Yoshioka et al., 1998) . The antivin/ lefty1 antisense RNA probe was generated from the 3 Hcoding region (240 bp) and 3 H -non-coding region (761 bp) subcloned in pCR2.1 according to manufacturers' instructions (TA Cloning Kit, Invitrogen Corporation).
Note added in proof
Roles of chick antivin/lefty1 are suggested in recent papers by Rodriguez-Esteban, C. et al., 1999 in Nature 401, 243±251 and Yokouchi, Y. et al., 1999 in Cell 98, 573±583. , antivin/lefty1 is expressed on the left side of the notochord (nc). At a more caudal level, its expression extends to the left paraxial mesoderm (pm). At stage 8 (E,F), antivin/lefty1 mRNA is not detected in the prospective¯oorplate and its expression becomes symmetric in the notochord. (G) A new expression domain is detected in the left lateral plate mesoderm (lp). The left is to the left of the reader. np, neural plate; en, endoderm; ec, ectoderm; nf, neural fold; ps, primitive streak.
